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HIGH PURITY CAJLVOSIC ACID FROM ROSEyARY ^ND SAGE 
EXTRACTS BY P H-COSTROLLED PRECIPrT(S.TTn>; 



BACKgRO^D 07 THE IN"VENTIOK 
This invention relates generally to the field of 
preparing antioxidants frora naturally occurring plant 
materials, i,e, Rosmsrinu.g officinalis ("rosemary") and 
salvia 9f:igir.aUs (»'sage"). The process of this invention 
produces carnosic acid (See Figure 1) of high purity. 

Antioxidants serve in a nuiaber of inportant comercial 
applications, especially as ingredients in food products 
susceptible to degeneration, in one fom or another, dua to 
oxidation. "Antioxidants" are defined by the Food and Drug 
Administration (21 CFR S 170.3) as "substances used to 
pressrvQ food by retarding deterioration, rancidity, or 
discoloration due to oxidation." Ccrjiercial applications 
include use in processed neat and poultry, salad dressings, 
seasonings, snacks, nurs, soup bases, edible fats and oils, 
natural foods, pet foods and packaging. In addition to 
foods, antioxidants have been used to prevent oxidation in 
various cosiietic and toiletry products end in r.edicinal or 
pharnaceu- ical preparations. The priraary purpcse in each of 
these applicaticns is to prevent detaricrat icn of desirable 
product characteristics ty l.nl- iiit ing oxidation. 

More recently, antioxidants in food sources and dietary 
supplements hive received attention for thsir ootential to 
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prevent or delay the onset oC certain cancers and other 
chronic health conditions including heart disease, cataracts 
and aging. The theory is that, by preventing oxidation, 
these materials inhibit the forTiiaticn of oxygen containing 
free radicals that are believed to play a significant role 
in initiation of these conditions and othar chronic 
disorders . 

The use of spices to prevent food deterioration as veil 
as to izpart flavor h;s been known for centuries. Because 
of their cost and availability, however, synthetic 
antioxidants,, such as butyl hydroxyar.isole ("BHA") and 
butylated hydroxytoluene ("BHT"), have been predominant in 
cocmercial food preparation. These antioxidants have proven 
quite effective. However, significant questions have been 
raised about their safety. For example, BHA has been 
identified as a '^carcinogen" by the International Agency for 
Research on Cancer and has been banned in Europe. The 
safety of BHT has also been questioned. 

Because of these concerns, there has been an increasing 
intorast in the use of naturally occurring antioxidants in 
food preparation. These include various phenolic 
diterpenas, such as carnosic acid which is fcund in and can 
be isolatad fron certain spices, particularly rcsarary and 
sage. Recent tests indicate that carnosic acid is 
significantly nore effective than other naturally occurring 
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antioxidants, as veil as certain synthetic antioxidants, 
such as BKA and BHT. Antioxidants prepared from rosanary or 
sage extracts have certain additional advantages including 
the fact that they are stable at high temperatures conpared 
to other antioxidants. As a result carnosic acid has a 
greater "carry-through" in cormcrcial food preparation 
processes. In addition, carnosic acid is readily soluble in 
oil. Apart fron its superior characteristics as an 
antioxidant, ir.any consunerc perceive that naturally 
occurring antioxidants, such as carnosic acid, are 
inherently safer than synthetic "preservatives." 

Unfortunately, antioxidants extracted from naturally 
occurring siaterials also exhibit flavors, odors and colors 
that are undesirable in nany applications. Accordingly, 
significant efforts have been expended to find coMercially 
acceptable ways to extract antioxidants froic thes« plant 
sources and to separate ther. from other naturally occurring 
cor.pounds that give rise to these undesirable 
characteristics. Many processes have been tried, but suffer 
fron various defects, such as cost, lack of selectivity in 
isolating the antioxidant, or poor yield. 
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SUXMARY <^7 THE r^^/ZNTIO^^ 
We have now discovered an ircproved process for 
isolating and concentrating carnosic acid frora plant 
i:\aterials, such as rosemary and sage. The process produces 
highly concentrated carnosic acid vhich is essentially 
odorless, flavorless and colorless. 

In general; ve have found that carnosic acid can be 
isolated utilizing a vatar-rdscible solvent, such as 
acetone, to extract that naterial froa tha plant followed by 
a pH-contrclled precipitation in the presence of water as a 
forcing solvent. Carnosic acid has poor solubility in 
water; however, soma salts of carnosic acid are 
significantly TCore water soluble. Therefore, base is added 
to the extract to deprotonate tho carnosic acid and naks t:he 
carnosic acid salt. The water content of the extract is 
then adjusted to a leval such that rany conipcnent molecules 
are insoluble, but the carnosic acid salt is soluble, 
resulting in the precipitation of substantial impurities. 
The impurities are re:aoved by appropriate means, and the 
carnosic acid salt remains in solution. The solution is 
then subjected to a distillation traatmcn^ such as vacuum 
stear. diszillaticn to evaporate par:: of the solver.t. The 
natural oils that cause tha odor and tiszt charactariscic of 
the spice are rernoved during this S'Sin distillation as they 
are dissipated along with the szez-. The soluticn is then 
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acidified causing the purifiad carnosic acid product to 
precipitate and allowing the product to be recovered by 
appropriate means, such as, filtration or centrif ugation. 
The process of this invention is different from and 
5 superior to prior art processes for isolating antioxidants 

froa rosQHiary or sage in which a base has boen employed. 
This prior art consists of two types. The first includes 
processes in which plant extraction is attejipted with an 
aqueous base. Sgq, for exaniple, U.S. Patent l^o, 4,012,531, 
10 The second includes liquid/ liquid extraction with a base. 

See, for example, U.S. Patents No. 4,450, 097, 5,026,550 and 
5,256,700. 

The process of this invention is superior to the first 
type of prior art processes involvi.ng extraction with base, 

15 because, among other things, aqueous base is a poor 

extraction solvent. Aqueous base gives peer recovery and 
poor selectivity for carnosic acid. In addition, it has 
been found that materials recovered at a pK higher than 10 
actually accelerate oxidation of niolecules rather than 

20 inhibit that process. In contrast, the use of acetone in 

accordance with the present invention gives excellent 
recovery and excellent selectivity (up to 30k carnosic acid 
of the extracted solids) . 

The process of the present inve-ticn is alsD superior 

:5 to the s^ccr.d type cf prior art prccasses, i.e., those using 
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liquid/licTJid extraction, becausa it is selective for 
carnosic acid. Carnosic acid has been identified as the 
major phonolic diterpene naturally present in fresh 
roseaary. Also, as noted earlier, carnosic acid has a much 
greater antioxidant activity than other phenolic diterpenes 
present in rosa:nary extracts. Thus, there is a preference 
for the production of carnosic acid, if it can be 
accomplished economically. 

In contrast, the liquid/liqraid extraction processes of 
the prior art do not isolate carnosic acid. U.S. Patent 
No, 4,450,097, ,for exanple, discloses a process in which 
rosemary is extracted with a non-polar solvent followed by a 
liquid/liquid extraction with an aqueous base. However, the 
product of this process is rosnanol, See Figure 2, a 
different antioxidant component of the spice, which is found 
naturally in nuch lover concentrations in the plant than 
carnosic acid. This process is not selective for carnosic 
acid, because, unless a quite non-polar extraction solvent 
is used (hexane) , carnosic acid partitions into the organic 
over the aqueous basa. Indeed, any solvent sufficiently 
non-polar for carnosic acid to preferentially partition into 
will be sufficiently ncn-pclar as to be a poor extraction 
solvent . 
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Finally, the process cr the present invention produces 
a superior product o: highly concentrated carnosic acid 
which is «sfi8ntially odorless, flavorlass and colorleaa. 

It is an object of this invention to provide a simple 
and efficient method for isolating and purifying carnosic 
acid suitable as an antioxidant from carnosic acid 
containing plant matter, such as rosemary and sage. 

It is a further object of the invention to produce 
carnosic acid extract from plant matter, such as rosemary 
and sage, suitable for use as an antioxidant food additive 
and which does not have undesirable flavor, odor or color 
characteristic of these spices. 

Other objects a.nd attributes of the invention will be 
apparent from the detailed description of the invention set 
15 forth herein. 



DETAILED DiSCRIPTICN OF 
THE IN-VEVTIOM A?fn t hi PP.T-rv^^p FygonrMrvT 
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Rosmarinus of f icinal i is known to contain several 
diterpene catechol antioxidants, principally carnosic acid. 
We have found that carnosic acid can be significantly 
purified froc vatar-Kiscibie solvent (especially acetone) 
extracts of rosemary leaves by pH-cor.trolled precipitation 
using water as a forcing solvent . This method exploits the 
fact that sone salts cf carnosic izii (e.g., sodi'j.- &~d 



wo 96/34534 



?CT/VS96m2S0 



amaonia) are significantly more water soluble than is 
carnosic acid. 

This technique entails adding a basa, such as sodium 
carbonate, in sufficient quantity to deprotonate the 
carnosic acid and make the carnosic acid salt. The actual 
quantity of base added can vary depending on the purity of 
the carnosic acid desired in the final product. Khile 
maintaining an alkali pK in the range of approximately 7 to 
less than 10 and preferably, approximately. 8 . 6 to 9, water 
is added to cause the precipitaticn of a significant 
proportion of. the inpurities. These irtrpuritics are then 
renovad by appropriate means (e.g., filtration or 
centrifugation) • The carnosic acid salt remains in 
solution. After these precipitated impurities are removed, 
'the aqueous solution is subjected to either a distillation, 
such as vacuun stea.Ti distillation, to remove a portion of 
the solvent and the cdor causing contaminants, or 
alternatively a liT^id/liq^iid extraction vith a nonpclar 
solvent to extract such contaminants. The solution is than 
acidified producing a highly purified carnosic acid product 
which precipitates and can be recoved by appropriate means 
(e.g., filtration or centrifugation). 

The process of the presant invention can be employed on 
any knovn plant matter cr "biomass" containing an 
appreciable aziount of carnosic acid. P.osarary and sage are 
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preferred smarting materials, because they contain a 
significant anount of carnosic acid and exist in sizable 
populations in the wild readily available for harvesting. 

As noted previously, both rosemary and sage also have 
individual characteristics of odor, flavor and color which 
ma^ce thex desirable spices. However, the pungent odor and 
flavor of these spices must not carry through into the 
antioxidant extract if that extract is to be of general 
utility in foods and many other antioxidant applications. 
Accordingly, any process for preparing a universally 
accepted antioxidant from rosemary or sage must ninimize any 
residual odor, flavor or color characteristics of the spice. 

The odor of these spices is at least partly associated 
with a nixture of nonoterpenes including caaphor, alpha 
rerpinine, 1,8-cineols, and endo borneol. These materials 
are generally contained in the natural oils of the plant. 
They nay be renoved prior to extraction or later as part of 
the process described herein. Deoiling prior to extraction 
can be acconplished by stean distillation followed by an 
extraction with hexane or by any conventional means Jcnown to 
one skilled in the art. The process of the present 
invention works equally veil with natural, i.e., oil- 
containing, or deoilftd rcsenary and sage. Hoveve-^ the 
preferred plant natsrial of the present invention is in the 
natural, i.e., oil-containing, condi-ion, because it has 
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been handled less and contains r*ore of the carnosic acid 
antioxidant which is the dasirad and product. 

Tha characteristic colors cf rosemary and sage are 
generally due to the chlorophyll content of these plant 
natarials. In addition, oxidation of the carnosic acid can 
also add color. The bast way to prepare a color-free 
antioxidant from these plant materials is to avoid 
extracting the chlorophyll in the first place. 

The process of tha present invention minimizes 
undesirable color and odor in the carnosic acid product in 
several ways/ First, acetone is a relatively selective 
25olvent and mininizes extraction of chlorophyll frox the 
plant natter. In addition, the process of the invention is 
substantially able ro remove the odor by steam distillation 
or hexane extraction of the extract. Finally, avoiding 
heating cf the process streanis will prevent further color 
fron being developed, for example, by oxidation cf sor.e of 
the carnosic acid. 

The product of the present invention is highly 
concentrated carnosic acid that is essentially odorless, 
flavorless and colorless. In general, the solid product 
obtained prior to any recrys-a llizaticn step typically 
contains at least SOk carnosic acid and usually a z laa»t 65^ 
carnosic acid. The absence cf cdcr in the carnosic acid 
prcduc- cf the present invention is typified by the fact 



wo 9(^/34534 



PCT/T;S96/06250 



that rasidual nonoterpenes (i.e., camphene, alpha-terpinene, 
alpha-pinenS; endo-bornecl , myrcene, caaphor, beta-pinene, 
1, a-cineol; gamma-terpinana, tarpine-4-ol linonene and 
citronella) in the product do not individually exceed 100 
ppDQ based on carnosic acid content and collectively do not 
QXCQSd 2 00 ppm aa neasured by gas chrcciatography • Indeed, 
the product typically contains no rore than 25 ppm of any 
individual izonoterpene and collectively the contant ot 
r.onotarpenes does not exceed 40 ppn. The product is 
essentially colorless, in that a solution of the product 
dissolved in denatured ethanol at 1 ag/al. carnosic acid 
concentration typically has an absorptivity less than 0.4 (1 
cn cell) at 415 nm. In addition to these qualities, the 
solid carnosic acid antioxidant products of the present 
invention are highly dasirable in that they are generally 
free cf roser^ary degradation products and sezii-synthetic 
products such as 12-n'.ethoxYrosaanol , carnosol, and 7- 
nethcxyrosmanol which are frequently present in other 
antioxidants. Carnosic acid Is the niajor diterpene present 
in the solid product. The product is also free of many of 
the undesirable solvents used in the prior art including, 
for exdT.ple, methylene chloride, benzene and toluene. 

The product described in the preceding paragraph -ay b» 
further purified by crystallizat icr. 2s se.z forth herein. 
Crvst 2 1 1 izat icr. further increases tns concentration of the 



wo 9(5,34334 



PCT/rs?6/0625O 



10 



15 



20 



carnosic acid and re.-noves iapurities. As a result, a 
crystallized solid product can be obtained vhich has a 
carnosic content of more than SSi with impurities further 
reduced bslov the levels previously described. 

In conmercial applications, the solid antioxidants 
produced by this invention are incorporat-d in solvents, 
such as vegetable oil, which can then be dispersed in the 
food or other product. Th« products retain the qualities 
previously mentioned. When these solids are dissolved in a 
Clear vegetable oil in an a:nount of 200 to 1000 ppni carnosic 
acid, the resulting solution is essentially clear and has 
niniial suspended solids. 

^ically, the bioaass starting naterial or preferred 
portions thereof, such as the leaves in the case of roseniary 
and sage, are ungrcund. Nevertheless, these materials nay 
be pulverized, ground or conu-.inutsd to a fine povdsr in 
order to naxiaize surface contact vith the extraction media. 

As used herein, the tens "carnosic acid containing 
plant material" or "bio.Tiass" is ints.nded to include any 
plant natarial containing a net insignificant anount of 
carnosic acid. This includts r.enbsrs of the Lahiatae 
far.ily, v;-ich embraces both rcsen-ry ar.d saga. T.-e biQT,ass 
can be used in n-.ural, dried cr cecilsd forr. a.-.d may be in 
large pieces, such as leaves, cr c=-T.ir.uted forr.. 
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According to tha process of the present invention, the 
carnosic acid containing plant material, such as rose.-aary or 
sags leaves, is contacted with a water aiscible solvent 
suff iciant to put the carnosic acid containing soluble 
portion cf the bionass into solution. The solvent must be 
able to solubilize carnosic acid and be watsr niscible. The 
more volatile the solvent, tha better. Suitable solvents 
include, hut are not liaired to, acetone and othanol. 
Mathanol or iscpropanol may also ba used, but due to their 
toxicity, are generally unacceptable in preparing 
antioxidants for feed applications. The biomass : solvent 
ratio should be at a niniiauTu 200 L cf extracting solvent to 
100 kg of biocass. 

Acetone is the preferred solvent, because of its 
selectivity, while it extracts all of the carnosic acid, it 
extracts lass of the unwanted solids froji the bioaass than 
other solvents do. The degree of extraction of the carnosic 
acid is generally greater than 90%, while the carnosic acid 
purity in the solids of the extract is between 20* and 30*. 
Acetone extraction can b- perfornisd at rooa taaperature or 
at elevated temperatures. 

After extraction cf the bicr.ass into solution with a 
water .niscibla solvent, base is added to the extract in 
sufficient quantity tc cscrotc.-.ate f-a car.-.osic acid in the 
extractic- r.edii, trclucing a basic acluticn. Preferably, 
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this is accomplished vith ar* aqueous base, such ts aqueous 
sodiun carbonate, aminoniu.Ti hydroxide, or sodiun bicarbonate. 
Additional vatar should b« added to the solution so that 
largs amounts of impurities are aade nearly entirely 
insoluble, but the carnosic acid salt renains in solution. 
The water contains a snail amount or IOTA to provide 
stability and sodium sulfate to aid in flocculation of the 
precipitated solid impurities. During this process, the pH 
of the solution should be maintained in the range of 
approximately 7 to less than 10 and preferably, 
approximately 8.6 to 9. Water nay be added in a buffer 
solution, such as aq^jeous sodiun carbonate and codiua 
bicarbonate, cr ammonium hydroxide nay be added so that the 
pH of the solution is kept within the desired range. 

The soluble carnosic acid and the insoluble impurities 
are then separated by any convent ional means, such as 
filtration or ccntrifugation . 

In one embodiment, the solution, free of solids, is 
then steaai distilled to remove the residual extracting 
^0 solvent. At this point, the volatile compounds associated 

with the odor and taste of the spice are dissipated with the 
steam. Alternatively, these cils can be rer.oved by 
liquid/liquid eKtracticn cf the s^me basic solution with a 
sufficiently ncnpolar solvent, such as hsxar.e, so that the 
5 undesirable taste and cdcr molecules cartition into the 
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organic phase, but the carnosic acid salt r«ains in the 
aqpjeous phasa. 

In either case after the odcr ranoval, the resulting 
solution is then acidified to precipitate the carnosic acid. 
Suitable acids for this purpose include, but are not iixited 
to, phosphoric acid, sulfuric acid and glacial acetic acid. 
Preferably, the pH is adjusted to the ra.nge cf between 
approximately 2.0 to 2.5. A highly purified carnosic acid 
product precipitates and can be removed by appropriate Beans 
(e.g., filtration or centrifugation) . This solid product 
has the qualities described previously. 

This product may be further pi^rified through 
crystallization, producing product purities generally above 
90%. In the preferred msthod crystallization is 
acconpllshed by dissolving the solids in a r.oderately polar 
aprotic solvent, such as acetone, and nixing that solution 
with sufficient nonpolar aikane solvent. The alkane solvent 
may include hexanes, heptanes, pentanes or octanes. This 
induces formation of solids and an oil layer which contain 
little carnosic acid a.nd which ar- rerioved by decanting and 
filtration to produce a clear solution. That solution is 
chilled to produce crystalline carnosic acid. This 
crystallisation process is illujtratal in £xa=?le 2. Other 
crystallization procedures ray t= enployed vithin the 
knowledge cf one s.'<illed in tne art. 



wo 96/34534 



PCT/US96/0<$250 



The novel prccess and products or cur invention are 
illustrated by the following examples: 

Hatsrials ?ir.(^ Methods: All solvents and reagents employed 
in the examples vere technical grade as received from the 
manufacturer. 

The blomass starting material, such as rosemary or sage 
leaves, may be in their natural oil-containing state or have 
been deoiled to remove the odor and taste associated vith 
the spice. 

The method for determining carnosic acid purity is an 
HPLC analysis. The HPLC system consisted of a Model L-6200 
punp, a Model AS-4000 autosanpler cq-jipped vith a 100-;tl 
loop and a Model L-4500A diode array detector, all fra^t 
Hitachi Instru.'ients, Fremont, California. Jor the selective 
detection of readily cxidizable analytes, the systera also • 
was equipped vith an LC-43 az\?eronetric detector from 
Bioanalytical Sy5te.Tis, W. Lafayette, Indiana, set vith an 
applied voltage of +0.8V. The KPLC system vas ecfaipped with 
a 436 computer and DAD Systex Manager HPLC softvare, the 
latter also being supplied by Hitachi. The cclunn vas a 
4.60rja X 25-czi Hypersil OOS, 5- frc- Alltach Associates, 
Cserfield, Illinois. The cclu.-::?. vas run a:: either 2 mL/min 
or 1.5 r.L/nin vith a £5:35 cr 7 5 : 2 5 nixture of acetoni tri le 
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and water containing o.5t phosphoric acid and 1 edta. 
Tha saiple in alcohol {lO^L) vas injected on the column and 
the primary detection wavelength used was 230 nn. 

The final products contained isolated, carnosic a=id at 
greater than 70% purity, if extracted Croa rosemary, while 
greater than 4 0* purity, if extracted frca sage. The 
products were pale-yellow to tan in color, with a mild 
flavor, reainiscent of rosemary, but significantly less 
flavorful than the original spice. The products were either 
odorless or, according to sone, have a slight tea-like odor. 
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Whole natural, i.e., oil-containing, rosemary leaves 
flOO Kg] were extracted with 220 L of room tenpsrature 
acetone for 36 hours and concentrated under a vacuun of 5o- 
350 rrja. Hg . to 120 L. The extract contained 2.6 kg of 
carnosic acid. Approximately 16 L of aqueous sodium 
carbonate containing 2.5 equivalents of base per eq^jlvalent 
of carnosic acid was added to the extract mixture slowly 
vlth stirring. Then 600 L of DI water containing 300 grams 
of EDTA was added into the basic extract, aaintaining a pK 
of 8.7-9.0. A darJc green precipitate fcrr.ed and was removed 
by centrifugation and decantation. The 740 L of filtrate 
was then distilled under vacuum at approxinately 70 • and 
between 9 and 10 psi, removing 100 L cf acetone and 190 L of 
water. The resulting solution was acidified with 10% 
phosphoric acid to a pH of 2.2. A crean-cclored precipitate 
was formed. The precipitate was separated froni the filtrate 
by centrifugation and decantation and then air dried. The 
final product (2.75 Kg) had a carnosic acid purity of 7i% by 
veig.ht and had the following levels cf monoterpenes based on 
carnosic acid content: 5.6 ppn nyrcene, 5.6 ppm alpha- 
terpine, 12.6 ppa i, 3 cineole, 7 ppr. ca.T.phor and 1.4 ppr. 
endc-bcrneol. The absorptivity (icr. cell) at 415 n:n of the 
product dissolved in denatured alccr.cl was C.4 per 1 r.c 
carnosic acid/nl solution. 
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Exaxole 7 : 

An acetone extract oi 5.2 kg, of natural, oil- 
containing rosenary leaves was concentrated in vacuo , i.e., 
100 noi Hg., filtered, and precipitate washed, yielding 3.05 
L of concentrated extract. Sufficient saturated aqueous 
sodiua bicarbonatQ (90 g/L) vas added to the extract to 
bring the pH between 8.5 and 9. Kine volu.Ties of an aqueous 
sodiu.-! bicarbonate solution (9 g/L; pK 8.5) were combined 
with one voluir.e of the basic e>ctract . This niixture vas 
filtered. The resulting clear filtrate vas acidified with 
glacial acetic acid to a pH less than 3. The solid product 
was collected by decantation and filtration. 

The collected solids (Al grar.s of carnosic acid at 75% 
by weight purity) were air dried and then radissolved in 
acetone. A portion cf this acetone solution (go rjl 
containing 25.2 g carnosic acid) vas added to 800 nL of room 
temperature hexane. The insoluble solids vera ronoved by 
filtration and the volunie of the remaining solution vas 
reduced to 700 cL induced an oil layer to form which 
contained little carnosic acid. The solution was decanted 
and filtered to rexcva this oil. The now clear solution was 
chilled and the volu.-^e further reduced to about 350 rJL ever 
. , ^3 hcurs. Crystals were collected by filtration, yielding 

19.4 g cf 95^ pure carnosic acid, -which vas pale yellov in 
-5 color, with very little odor or taste. The crcduct 
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contained ths following nonoterpene levels based on carnoai 
acid content: 4,3 ppn alpha-terpinene,. B,5 ppm 1; 8 
cineole, 14.4 ppm caaphor, 7.4 ppa endo borneol. The 
absorptivity (1 cm cell) at 415 na of the. product dissolved 
in denatured alcohol was 0.06 per 1 ag carnosic acid/iiL 
solution. 



Exsr.ole 3 : 

Whole natural, i.e., oil-containing, rosemary leaves 
(5320 g) were extracted three tines with 15.9 L of hot 
acetone a.nd the' filtrates from each were recovered, 
conbinad, and taken to 3.5 L by evaporation in vacuo, i.e., 
100 Hg. The resulting concentrate was diluted with 0.1 L 
of 0,1 K EDTA solution and 3 00 tiL of aqueous aodiua 
carbonate (90 g/L) to bring the solution to a pH between 8.5 
and 5 , 

A second solution was prepared fron 3.5 L saturated 
sodiuTTi sulfate and 23 L DI water plus sufficient sodium 
bicarbonate to bring the total solution to a pH of 8.9. 

The buffer was poured slowly (over about 10 ninutea) 
into the concentrated extract with vigorous stirring. An 
oil precipitated which was rezioved by filtration. The 
resulting filtrate was then extracted twc tines with 4 L or 
heptana, to ra-ove the conpor.ents which cause the 
cbjecticnabla color and taste. The heptane was set aside 
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and tti aqueous layer vas acidified with ccncsntrated 
phosphoric acid to a pH of 4.9. A gunay solid foraad which 
floatQd on the solutior. These solids were collec-ed by 
filtration and then dissolved in 500 itL of nathanol and 
5 acetone, the solution evaporated to dryness, and the total 

solids were placed in a vac oven for complete drying. The 
tan product vas about 75* carnosic acid and had a low level 
of flavor and odor. 

10 Exarr.Dle 4 : 

10.3 Kg df natural, i.e., oil-containing, sage leaves 
were ground and extracted in 30L of acetone at 55V 600 oL 
of this extract containing 15.36 grans of carnosic acid were 
renioved and 90 nL (3.3 equivale.nts to i equivalent of 
carnosic acid) of sodiuia carbonate was added slowly with 
stirring. Three liters of DI water containing 8 g/L sodiun 
sulfate and 0.5 aL of saturated EDTA were slowly idded to 
the basic extract, producing a sticky xass of solid 
impurities. This material was filtered out of the solution. 
The solution was then steam distilled ur.dsr vacuus which 
rer^ovad 1.1 L of solution which ccntii-ed the ace-one and 
the cd = r ccr.pounds. The condensed filtrate was cnen 
^=iiified with phosphoric acid until a pH cf 2-2.5 was 
reached. A fine precipitate fcrr.sd in the solution a.-.d vas 
2= collected by filtration. The raccvsred product was air- 
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dried producir.g 2 3.3 grs.-ns of dry solids containing 4 3,5% 
carnosic acid by weight, with a light brown color and a 
slight cdor charactoristic of sag-. 

Example g r 

An acetone extract of 5.2 kg of natural, oil-containing 
rosemary -leaves was concentrated jji i.e., loo nun Hg., 

filtered and precipitate washed, yielding 3. OS L of 
concentrated extract. Aq-jsous sodium carbonate (90 g/L) was 
added to 50 oL of this extract at a ratio of 2.5 e^aivalents 
of base to 1 -equivalent of carnosic acid. Eight volumes of 
DI water containing 0.01 M EOTA were comiined with one 
volune of the basic extract. This mixture was filtered. 
The resulting clear filtrate was distilled under vacuum 
betves.-i 130 and 150 nbars pressure, reducing the volume of 
the solution by 31%. The solution was acidified with 
concentrated phosphoric acid to a pH of 2, producing a 
creaxy precipitate. The solid product was collected by 
filtration and air dried. The final product (2.3 grains) had 
a carnosic acid purity of 67.7% by weight. The product 
contained no detectable levels of Kcr.sterpenes. The 
absorptivity (1 cn ceil) at 4 15 nci of tha dissolved product 
ir. da.-.atured alcohol was 0.16 par 1 =g carnosic a = id/r.L of 
sclutior.. 
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The description and exaaples set forth herein are 
intended to illustrate representative embodiments of the 
invention. The claims which follow ar« not intended to b- 
limited to the specific disclosed eibodiaents. The 
invention is susceptible to icdif ications, variations and 
changes including, without liTnitation, those knovn to one of 
ordinary skill in the art without departing fron the proper 
scope or fair naaning of the following claims. 
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We clai=: 

1. A carnosic acid containing composition having a 
total monoterpene content of less than 200 ppai. based on 
carnosic acid content and any individual monoterpene is 
present in an amount of less than 100 ppn. based on the 
carnosic acid content. 

2. The carnosic acid containing coaposition of Claim 
1 in which the total sionoterpene content is less than 40 ppm 
based on carnosic acid content and any individual 
nonoterpene is present in an amount less than 25 ppn based 
on the carnosic acid content. 

3. A composition useful as an antioxidant comprising 
carnosic acid and having a total monoterpene content of less 
than 200 pp:a. based on carnosic acid and any individual 
monoterpene is present in an amount of less than 100 ppm. 
based on carnosic acid content. 

4. The antioxidant campositicn of Claim 3, further 
characterized in that carnosic acid is the majcr diterpene 
present. 
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5. The antioxidant cojipcsltion of Clain 3 in which 
the composition has an absorptivity (l.cra cell) less than 
0.4 at 415 when the composition is dissolvad in denatured 
ethanol at 1 of carncsic acid per mL of solution. 

6. The antioxidant composition of Clai:n 4 in vhich 
the composition has an absorptivity (i cm cell) less than 
0.4 at 415 nm when the composition is dissolved in denatured 
ethanol at 1 ng of carnosic acid per mL or solution. 

7. The antioxidant conposirion of Clain 3 in which 
the total monoterp«ne content is less than 40 ppm based on 
carnosic acid and any individual Bonoterpene is present in 
an amount less than 25 ppsi based on the carnosic acid 
content, 

8; The antioxidant composition of Clain 4 in vhich 
the total monoterpene content is less than 40 pps based on 
carnosic acid and any individual nonoterpene is present in 
an a-nount less than 25 ppa based on the carnosic acid 
content. 
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9. A composition useful as an antioxidant comprising 
carnosic acid and characterized in that: 

it has a total noncterpenc content of less than 200 ppn 
based on the carnosic acid ccntent and any individual 
monoterpene is present in an a:nount of less than 100 ppm. 
based on the carnosic acid content; 

it has an absorptivity (l cm cell) less than 0.4 at 415 
na when the composition is dissolved in denatured ethanol at 
1 ng of carnosic acid per xL of solution; and 

when the coziposition is dissolved in clear vegetable 
oil in an aaouht of 200 to icoo ppn of carnosic acid, the 
resulting solution is essentially clear and has nini:nal 
suspended solids. 

10. The antioxidant ccr.pcsition of Clain 9 in which 
the total monoterpene content is less than 40 ppn based on 
carnosic acid a.nd any individual monoterpene is present in 
an anount less than 25 ppm based on the carnosic acid 
content. 
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11. A process for the extraction and isolation of a 
carnosic acid concentrate from carnosic, acid containing 
plant matter conpriaing: 

contacting the carnosic acid containing plant matter 
with a vater-miscible solvent to fcm a carnosic acid 
containing plant e:ctract; 

adjusting the pH of the plant extract to a level in the 
range of approximately 7 to less than 10; 

adding water to the plant extract in an amount 
sufficient to causa precipitation of impurities vhile 
retaining the carnosic acid salt in solution; 

separating the inpuritias fron the carnosic acid 
solution; 

acidifying the aqueous solution to precipitate a highly 
purified carnosic acid concentrato; and 

removing the carnosic acid ccncentratc from the 
solution. 

12. The process of Claim 11 in which the plant 
material is selected from the Labiatae family. 

i:. The process of Claim 11 in which the plant 
niat«rial is selected fron the croup consisting of roseinary 
and sage. 
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14. The process of claia 11 in which the water- 
aiscible solvent is selected iron the group consisting of 
acetone, ethanol, methanol or isapropanol. 

15. The process of clain 11 in which the water- 
Biscible solvent is acetone. 

16. The process of clali ii in which the pH is 
adjusted to the ranga of approximately 7 to less than lo by 
the addition of sufficient scdiu.i carbonate, arjnoniua 
hydroxide, sodium bicarbonate or mixtures thereof, to 
daprotonate the carnosic acid and produce the carnosic acid 
salt. 

17. The process of clain ll in which the pH is 
adjusted to the range of approximately 8.6 to 9. 

18. The process of Claia il in which the pK is 
adjusted to the range of approxinately 8.S to 9 by the 

addition of sufficient sodiua carbonate, an.-r.oniu.-n hydroxide, 
aodiun bicarbcr.ate or nixtures thereof, to deprotonata the 
carnosic acid and produce the carnosic acid salt. 
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19. Th- process of Ciain li in which the carnosic acid 
impurities are separated by a process selected froii the 
group consisting of filtration or centrif ugation. 

20, The process of Claira ii in which the water addad 
to the plant extract contains EDTA and sodium sulfata. 

21. The process of claim li in which the carncsic acid 
containing plant mattar has been treated to remove the 
conpounds responsible for the taste and odor of the plant 
matter prior to contacting the plant natter with the water- 
niscible solvent. 

22, The process of claim 11 further including the steio 
of removing the ccir.pounds responsible for the taste and odor 
of rosenary or sage following the step of renioving the 
impurities from the carnosic acid solution and prior to the 
acidifying step. 



23. The process of Claim 22 in which the ccnpound 
causing the. objectionable taste and cdor are removed bv 
distillation, including vacuur^. steani disti llaticn , or 
licfuid/liquid extraction with a ncncolar solvent such a: 
hexane or heotane. 
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24. The process of Claim 11 including the additional 
steps of crystallizing the carnosic acid concentrate to 
producQ purified carnosic acid. 
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25. A process for the extraction and isolation of a 
carncsic acid concentrate fro.-n carnosic acid containing 
plant matter of the Labiatae family comprising: 

contacting the carnosic acid containing plant natter 
with a water-niscible solvent selected from the group 
consisting of acetone, ethanol, methanol or isopropanoi 
to form a carnosic acid containing plant extracts- 
adjusting the pH of the plant extract to a level in the 
range of approximately 7 to less than 10; 

adding water to the plant extract in an aaount 
sufficient to cause precipitation of irapuritiea while 
retaining the carnosic acid salt in solutions- 
separating the impurities frcn the carnosic acid 
solution; 

ranoving the conipounds responsible for the tiate and 
odor cf the plant natter; 

acidifying the aqueous solution to precipitate a highly 
purified carnosic acid concentrate; and 

reaioving the carnosic acid concentrate froa the 
solution. 

26. The process of Clain 25 in which zhe carnosic acid 
containing plant r.atter is selected fron the group 
consisting cf roseniarv and sace. 
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27. The process of Claim 25 in vhich the compounds 
causing the objectionable taste and odor are raaoved by 
distillation, including vacuusi steam distillation, or 
liquid/lig^aid extraction vith a nonpolar solvent such as 
hexane or heptane, 

23. The process of Clain 25 including the additional 
stftps or: 

dissolving the carnosic acid concentrate in a volatile, 
moderately polar aprotic solvent to fora a solution; 

aixing this solution vith sufficient nonpolar alkane 
solvent to form insoluble impurities ; 

reducing the volume of tha solution; 

removing th« insoluble impurities from the solution; 

and 

chilling the solution to crystalize pure carnosic acid. 

29. The process of Claim 23 in which the volatile, 
mildly aprotic solvent is selected from the group consisting 
of ether and acetone. 

30. The process of Clair. 23 ir. which the alkane 
solvent is selected frcn the group ccnsiating of pentan«, 
hsxane, hepwar.e and octane. 
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31. The process of clain 25 in w-ich th- water- 
ttiscible solvent is acetone. 

32. The process of cUin 25 in which the pH is 
adjusted to the range or approximately 7 to less than lo by 
the addition of sufficient ,odiu. carbonate, annoniu. 
hydroxide, sodiun bicarbonate or :„ixrures thereof, to 
deprotonate the carnosic acid and produce the carnosic acid 
salt. 



33. The'process of claim 25 in which t.he pH is 
adjusted to the range of approximately 8.6 to 9. 

34. The process of Claim 33 in which th« pH is 
adjusted to the range of approximately 8.6 to 9 by the 
addition Of sufficie.-.t sodiun carbonate, arooniu. hydroxide 
sodiun bicarbonate or nixtures thereof, to deprotonate the' 

carnosic acid and oroduce the r^>-n^«;^ , 

^ -^u.^ tne carnosic acid salt. 



35. The process of claim 2 5 in which the 
Inpurities are separated by a process selected 
grcup ccnsisting cf filtration or cer.trif-^gation. 



carnosic acid 
fro3 the 



35. Tr.s process cf Clain 2 5 ir. 
■o the pli-t ex-tract co.-.-ains e:ta ar 



-'hich the v-irer added 
i sodiuT. sulfate. 
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37. A process for the extraction and isolation of a 
carnosic acid concentrata froni plant material selected from 
the group consisting or roasaary and sage comprising: 

contacting the plant matter with acetone to form a 
carnosic acid containing plant extract; 

adjusting the pH of the plant extract to .the range of 
approxiaiately 7 to less than 10; 

adding water to the plant extract in an amount 
sufficient to cause precipitation of impurities while 
retaining the carnosic acid salt in solution; 

separating -the impurities from the carnosic acid 
solution; 

renoving the compounds responsible for the taste and 
odor of roseniary or sage by vacuum steam distillation; 

acidifying the aqueous solution to precipitate a highly 
purified carnosic acid concentrate; 

removing the carnosic acid concentrate from the 
solution. 

crystallizing the carnosic acid concentrate to form 
purified carnosic acid. 

33, The prccass of Clain 37 in which the ccnpounds 
causing the objectionable taste and odor are removed by 
distillation, including vacuu" stear. distillation, or 
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liquid/liq^^id extraction with a r.onpclir solvent such as 
haxane or heptane. 

39. The process or Clain 37 in vhich the pH is' 
adjusted to the range of approximately 7 to less than 10 by 
the addition of sufficient sodiua carbonate, aDuaanium 
hydroxide, sodiun bicarbonate or nixtures thereof, to 
deprotonatQ the carnosic acid and produce the carnosic acid 
salt. 

40. The process of Clain 37 in which the pH is 
adjusted to tha range of approxinately 3.6 to 9. 

41. The process of claim 37 in which the pH is 
adjusted to the range of approximately 8.6 to 9 by the 
addition of sufficient sodiua carbonate, a=r,oniua hydroxide, 
sodiua bicarbonate or mixtures thereof, to dsprotonate the 
carnosic acid and produce the carnosic acid salt. 

42. Tha process cf Clain 37 in which the carnosic acid 
inpurities are separated by a process selected frca the 
group consisting of filtration or centrif ugatlcn . 

43. The process cf claia 3 7 in which the water added 
to the plant extract contains EDTA and sodiun sulfate. 
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